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EXCITATION OF FLAT PANELS DUE TO LATERALLY 
UNCORRELATED FLUCTUATING PRESSURES 
By William W. Boyd 

SUMMARY 


This paper contains an analysis of the response of a panel element 
to a fluctuating pressure. The pressure is characterized by a lateral 
correlation coefficient of 0 or 1 and an exponentially damped cosine 
longitudinal spatial correlation distribution in the direction of wave 
propagation. 

Expressions for the joint acceptance and cross- joint acceptance 
are developed for this particular forcing function. The results of the 
analysis are then applied to a flat panel with four edges simply sup- 
ported. 


INTRODUCTION 


Various papers have appeared in the literature from time to time 
which have attempted to clarify the parameters involved in uhe dynamic 
response of beams, panels, and other structural elements (refs. 1 
and 2). One of the most important of these parameters describes the 
coupling of an acoustic field with the vibration characteristics of a 
structure. The value of this parameter, known by acousticians as the 
"joint acceptance," measures how well the acoustic forcing function 
fits the structural vibration shape, thereby providing a gage of the 
efficiency of the excitation-response coupling. 

One of the most interesting and elucidating of the papers concern- 
ing the structural acoustic coupling of flat panels was written by 
Daniel Bozich (ref. 3 ). Briefly, Eozich discussed the joint acceptance 
of flat panels to a pressure wave vh i°h is characterized by an exponen- 
tially damped cosine correlation distribution in the direction of wave 
propagation. This particular cor •'elation distribution is exhibited in 
the fluctuating pressure fields created by turbulent airflows around 
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space vehicles. Correlation measurements taken during wind tunnel tests 
of rigid body space vehicle models indicate a decrease in spatial cor- 
relation which approaches exponential decay as the separation distance 
between measurement points increases. Bozich chose the longitudinal 
axis of the panels as the direction of propagation and the pressure was 
assumed to be uniformly distributed over the panel width, that is, the 
pressure was perfectly correlated across the width of the panel. As a 
result of Bozich' s assumption regarding the lateral spatial correlation 
of the pressures, the Joint acceptance for all modes with an even number 
of half-waves across the panel width was zero. Theoretically then, 
these modes would not contribute to the response of the panel. In real- 
ity, the inflight aerodynamic pressure wave would result in some sort of 
circumferential or lateral correlation distribution over a structure or 
structural element. However, it is not the purpose of this paper to 
discuss all of the many possible forms of this lateral correlation dis- 
tribution but to limit the analysis to a particular type that results 
from a planned acoustic test condition for large space vehicles. This 
test consists of enshrouding the periphery of a vehicle by l6 independ- 
ent acoustic ducts, each duct being fitted to the vehicle in such a way 
as to prevent the acoustic pressures propagated down it from affecting 
the pressures in the ducts on either side. No force, however, is applied 
to the vehicle by the duct assemblies themselves. There is a separate 
acoustic noise transducer coupled with a random programing signal gener- 
ator for each of the l6 ducts. With the acoustic ducts, transducers, 
and signal generators arranged in this fashion, it is possible to obtain 
very nearly correlated or uncorrelated pressures around the circumference 
of the structure simply by driving all of the acoustic transducers with 
a single random signal generator (correlated) or by driving each of the 
transducers with separate random signal generators (uncorreiated) . 
Although the test will be accomplished on a shell-type structure, an 
analysis of a flat panel should serve to demonstrate the variation of 
the Joint acceptance coefficients for laterally uncorrelated fluctuating 
pressures. 

It is, therefore, the purpose of this paper to derive expressions 
for Joint acceptance coefficients of a flat panel for the pressure dis- 
tribution described above. The width of the panel will be assumed to 
be divided into an arbitiary number of pressure strips, corresponding to 
the acoustic ducts which span the panel length (fig. l). Each pressure 
strip has an exponentially damped cosine correlation distribution over 
the length of the panel and the lateral correlation coefficient of the 
pressures between all ducts may be 1 or 0. In order to facilitate a 
comparison of results presented by Bozich, a flat panel with simply sup- 
ported edge conditions will be taken as a special case. 
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SYMBOLS 


A 


A 


r 



a,b 


D 

d 

E 


total surface area of panel 

surface area of panel over which the r A and q 
pressure strips are assumed to impinge 

length and width of panel, respectively 

panel bending rigidity, — 

12 

number of pressure strips and/or acoustic ducts 
spanning the width of the panel 

elastic modulus 



F 

mn 


(ia>J,F* 


ps 


( — iu> ) 


F 

mn 


(t),F 


ps 


(t) 


(mn) and (ps) modal component of the Fourier 
spectrum of the generalized force ("indicates 
complex conjugate) 

(mn) and (ps) * modal components of the gener- 
alized force 


h 


panel thickness 


J 


2 

mn 


joint acceptance 




2 

mnps 


J 


2 

rqmn 


J 


rqmnps 


c.ross-joint acceptance 

r th component of the Joint acceptance resulting 
from the q th pressure strip 

r th component of the cross-joint acceptance 

t ll 

resulting from the q pressure strip 

r th component of the Joint acceptance resulting 
til 

from the r pressure strip 


rrmn 


u 


J 


2 

rrmnps 


K 


r component of the cross-joint acceptance 
resulting from the r^* 1 pressure strip 

acoustic wave number (w/c) 


M 

mn 



ra,p 


n,s 


P(x,y ,t ) 


generalized mass 


integer mode number associated with the half- 
bending waves along the longitudinal (x-) axis 
of the panel 

integer mode number associated with the naif- 
bending waves along the lateral (y-) axis of 
the panel 

fluctuating pressure 


P r (x,y,t) ,P Q (x,y,t) 


th 

r 


and 


th 

q. 


fluctuating pressure strips 


^rq(X’X' »y»y' ) 


R rr (x,x' ,y ,y' ) 


r,q 


normalized pressure space correlation for 

points (x,y) of the r pressure strip and 

t h 

points (x’jy') of the q pressure strip 

normalized pressure space correlation function 

for points (x,y) and (x^y') measured over the 

th . 

r pressure strip 

integers associated with an arbitrary pressure 
strip and/or acoustic duct 


SU) 

mn 


power density spectrum of the (mn) th 
ponent of the generalized force 


modal com- 


S 

mnps 


( to ) 


cross power density spectrum of the (mnps) 
components of the generalized force 


th 


modal 


S r ^(z,x' ,y ,y ' ;<*>) 


pressure space correlation function for 
points (x,y) of the r' pressure strip and 
(x'.y 1 ) of the q th pressure strip 
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S 

rq 


S 

rr 


(«) 

(x,x' ,y,y;w) 


s „t“> 

V mn (3 > y) ’ V ps <X,y> 

W 

(x,y) 

(x* ,y' ) 


Z ,Z 
mn ps 

6 

X 

W 

P 

U) 

«,Y,R 



cross power density spectrum of the r and 

th , , 

q pressure strips 

pressure space correlation function for 

points (x,y) and (x',y') measured over the 

th . . 

r pressure strip 

th 

power density spectrum of the r pressure strip 

power density spectrum of panel displacement 

normalized panel eigenfunctions 

deflection of flat panel 

arbitrary points on surface of panel 

arbitrary points, other than (x,y) on surface of 
panel 

generalized complex mechanical impedance 

panel damping 
acoustic wave length 
Poisson's ratio 
panel mass per unit area 
circular frequency 
integers 1,2,3,... 

th th 

degree of correlation between the r and q 
pressure strips 


THEORY 


The desired expressions for the Joint acceptance and cross-joint 
acceptance coefficients are derived from the solution of the equation 
of motion cf a lightly damped flat panel excited by a homogeneous , 
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random in space and time, fluctuating pressure field. Based on the 
assumptions of small-deflection plate theory, the equation of motion 
of the panel can be written as 


U, , 3W A 3 2 W . % 

DV W + 6— +p — 2 = P(*.y»t) 
3 1 


( 1 ) 


The steady-state solution to equation (l) can be expressed in a doubly 
infinite series / 


W(x,y,t) 


00 oo 

■SI 

m=l n=l 


V (x,y)F (t) 
mn mn 

M Z 
mn mn 


(2) 


where 


F 

mn 


(t) 



p(x,y,t)V mn (x,y) dA 


The power density spectrum of the displacement is 


( 3 ) 


00 00 



m=l n=l 


? 

V S 
mn mn 


OO 00 00 oo 


4ZZZ 


VS (u) 
mn ps mnps 


mn I mn 


. Z Z M M 

1 , r< — r 1 * — r 1 mn ps mn ps 

m=l n=l p=l s=l r v 


(U) 


The power density spectrum and the cross power density spectrum of the 
generalized force are 


S 

mn 


(«) 


lim f 

T-**> 



2 


S 

mnps 


( oj) = 


lim £ 


* 

F F 
mn ps 


( 5 ) 


( 6 ) 
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where F 

mn 

defined as 



is the Fourier sDectr of the generalized force and is 


F = rW F (t)e iwt dt 
mn 2tt| mn 


and 


F 

ps 



(t )e J ‘ wt dt 


Equations (5) and (6) are easily r^apted to the present case. The 

pressures are assumed to be uniformly distributed over the width of 

the strip and are characterized by an exponentially damped cosine 

correlation function along the length of the panel. Thus, for an 

arbitrary number of pressure strips d there will be d generalized 

forces of the form t‘ (t). Therefore, the total generalized force 

mn 


becomes 


F (t) => F (t) 
mn / i rmn 

r-1 



F 

rmn 



x,y,t) V mn(x,y) dA 


r 


where 
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Performing the appropriate Fourier transformations on equation (7) and 
substituting into equations (5) and (6) results in 
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Separating equations (8) and ($) into the sums of two series 


mn 


a 

= [ f V V '^S (x,x' ,y,y’ ;w) dA dA ' 

Ja^, ^ mn ^ rr r r 


d d 


*f f V mn V mn'^] 2 Sr » (j£ ’ X ’’ y,y ' i “ ) “r 4A q' (r * 

J A J A * r=l q=l 

r q H 


(10) 


mnps 


a 

*j[j[ , V !m V ps'Z S «- <X ' X '’ y ’ y,i “ ) “r' 

r r r=l 


d d 


J A ( , V .mVS ^] s . q ( X,X ’’ y,y ' ; “ ) “r dA q' (r * ^ ^ 


r a 


r=l q=l 


Rewriting equations (10) and (ll) 


mn 




Vr' 



S (x,x* ,y,y' ;oj) 

V V ' -- - - - _ i -r dA dA ' 

mn mn b Ui r r 

rr 


d d 


r=l q=l rq 


S (x,x' ,y ,y ' ;w) 

V V *-23 — * . 

mn mn S [ui) 

rq 


dA^ dA q ! (r * q) (12) 
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(13) 


Equations (12) and (13) can theD be written as 


S mr “ A X S rr * “p - / / R _(x,x' ,y ,y ' )V V 1 dA dA ' 

^ rr A Ja^JA ' rr nm mn r r 


d d 

+ A 2 V • ~f 


2j * it / / R r n (x > x, -y-y’)LL' * q) 


r=l q=l 


a ‘/a Ja . rq 

q 


mn mn r q 


and 


(HO 


S mnps A ^ S rr I f *W X ’ 


r=J 


'A /A 1 
r J r 


x'.y»y')V V ' dA dA 1 
mn ps r r 


d d 

2V" 1 


+ A 2. 2A* ' / R r q ,X > X '- y - y ' )V nmV ps ' «. « 4 ’ (r * 


r=l q=l 


( 15 ) 
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where 


S (x,x* ,y,y' ; d) 

»„(*>*’ »y.y') g“ra 


rr 


rr 


and 


R rq^ X;X ' ,y,y ' ^ 


S (x,x' 
rt l 


ro 


,y,y' ;w) 

(oj) 


Finally equations (lU) and (15) become 


S mn ■ A? 2 S rr ( “^ 
r=l 


rmn 


d d 

(“> + a2 ^ 2 S r 9 ( “ ) - 1 r, mn ( “ )(r * °-> 
r=l q=l 


(16) 


and 


d d 


S — A \ * S (i*i)j (u) + A \ S ( u )j (uj)( 1 ’'t^ci) 

mnps rr ' J rrmnps v / , rq J rq!ints n r 

r=l q=l 


r=l 


(IT) 


where 


rrmn 


^LL 

r r 


* o / KJ x >x' >y>y' )v v ’ dA_ dA 


rr 


mn mn r r 


(18) 


J 2 = — 

J rqinn 2 


R (x,x , ,y,y , )V V 1 dA dA 1 
. rq ’* ** mn mn r q 

A ; A JA • 

r q 


(19) 
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J 


rrmnps 


(u») = ■— [ f R (x,x' ,y ,y ' )V V ' cLA. dA 


rr 


'VV 


mn ps r r 


{20) 


j ( 0) ) 

rqmnps 


= T R ( x »x’,y,y , )V V • dA dA '(r # q) (2l) 


rq 


/A /A ' 
r J q 


mn ps r q 


Now, let 3 (oj) = S(w) and S (ai) = S(io) cos 0 where cos 0 

rr rq rq rq 

represents the degree of correlation between the r^ 1 pressure strip 

and the q tn pressure strip. Equations (l6) and (17) can be written as 


S = A S(oj) 
mn 


u 

1 


j 2 + V V 1 j 2 cos 0 
rrmn / , rqmn rq 


r=l r=l q=l 


( 22 ) 


and 


S = A S(w) 
mnps 


d d 

^ — I ^ — ■ g 


V 

/ , " rrmnps / ! / , “ rqmnps ' rq 

r=l r=l q=l 


j: + 2_, — cos 0 - 


(23) 


The bracketed terms in equations (22) and (23) are the desired expres- 
sions for the joint acceptance and cross- joint acceptance 


d d d 

j 2 -5Y ♦ YW cos 0 

J mn / , J rrmc / . </jrqmn rq 

r=l r=l q=l 


(2U) 
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J 2 = + ^J 2 cos 0 

°mnps / , rrmnps / , / . rqmnps rq 

r=l r=l q=l 


(25) 


Substituting equations (22) and. (23) into equation (4), the displacement 
power density spectrum of the panel becomes 


■.-ss 


(V 2 vfs M) 


mn 


mn 


m=l n=l 


mn 


1 ^ 


2 

mn 


SEES 

m=l n=l p=l s=l 


A 2 V„ .V. S(u>)j 


ion ps 


mnps 


Z Z* M M 
mn ps mn ps 


(26) 


Let us examine equations (24) and (25) in terms of the pressure distri- 
bution described above, rewriting the equations in the following way 


j 2 - - 

V a 2 


If f R rr (x >*' 

r=l^A JA * 
r r 


»y»y ' )V V ' dA dA 1 
J mn mn r r 


it iJJ„ 

r q 


R ( x , x 1 ,y ,y' ) cos 0 V V ' dA dA 1 (27) 

rq w 'rq mn mn r q ' ' 7 


Bnpa a2 M i • 

r r 



r 


R (x.x'jyjy'JV V ' dA dA ' 
rr ' ^ mn ps r r 


d d 


+ 4 YYf f 


R U,x' ,y,y')cos 0 „V V ' dA„ dA * (28) 


>2 I I "rq' ' ' "rqmn ps r ~q 

r=l q=l-/A '/A ' 
r q 



lU 


The functions H rr (x,x' ,y ,y ' ) and R r ^(x,x’ ,y ,y ' ) in equations (27) 

and (28) are the spatial correlation distributions which, in the case of 
aerodynamic ally generated pressure waves propagating along the X-axis of 
the panel, are approximately a damped cosine function, that is 


R w (x,x' ,y ,y ' ) = R r ^(x,x* ,y ,y' ) = e PK ^ X-X ^cos K(x - x 1 ) 


rr 


(29) 


Substituting equation (29) into equations (27) and (28) gives 


mn 


■iij J 

r=l J k J k ' 
r r 


V V 'e" PK ' X " X ' ^cos K(x - x') dA dA. 


mn mn 


r r 


d d 


12 * 



V V » e " PK(x_X,) 
mn mn 


cos K(x - x’)cos 0 dA dA ' 
rq r q 


r=l q=l JkJk ' 
^ r q 


(30) 


mnps 


■ZJll 

r r 


V V 'e _PK ^ X X ^cos K(x - x') dA^ dA ' 
mn ps 


r r 


d d r r 

r=l q=l ^ k Jk ' 
^ r q 


V V 'e“ PK ^ X “ X ' ^cos K(x - x' )cos 0 dA dA ' 


mn ps 


rq r q 


( 31 ) 
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It can be assumed that the eigenfunctions V^(x,y ) can be expressed 

as a product of two eigenfunctions for beams having end conditions 
similar to the panel. Thus 


V mn U ’ y) " V x, V y) 


(32) 


Substituting equation (32) into equations (30) and (31) 


J mn = E^/ f V y)S, n (y,) \ (x) V X,)e " PK(X " X,) 


r=l JkJk 1 
r r 

d d 

cos K(x - x') dA^ cLA^' + 

r=l q=l 


f f )* (ac)*_ (at' )< 

II n n mm 

“'ft -'A • 


-PK(x-x' ) 


A A 

r q 


cos K(x - x')cos 0 dA dA 1 
rq r q 


(33) 


J Lps = ^ f ! n (y) V y, )* m :x) V x,) e‘ PK(X ' X,) 


r=l ~ Jk Jk ' 
r r 


d d 

cos K(x - x’ ) dA dA ' + ^ — 

r r t—x Z_J A 2 

r=l q=l A 


/" /" 4 'n ty )V P Cy ’ )* m (x)4. s (x' ) e _PK(x_x 1 

“'a •'a • 


A A 
r q 


cos K(x - x')cos 0 dA dA 1 
rq r q 


( 34 ) 


» 


l6 


Nov let us define 


a a 

r^U) ■ j ^ ) e ~ PK ^ X ~ X } cos K(x - x') dx dx' (35) 
a Jo JO 


a a 


T (u>) 

ms 


= — I / 4> (x)$ (x' )e x ^ co s K(x - x' ) dx dx' ( 36 ) 


fo Jo 


m s 


And further 


Y Y 
r r 


6 


nnrr , 2 



f n (y)* n (y' ^ dy dyl 



n “ n 


n p 


0 = 
nprq .2 



Y (y)f (y') dy dy' 

II 


(37) 


(38) 


(39) 


( 40 ) 


IT 


Equations (33) and (3*0 then can be written 


d d 


l 2 (uu) = 0 r (u>) + > > 0 r (u))cos 0 (Ul) 

d mn' ' nnrr mm ° nnrq mm rq 

r=l r=l q-1 


d d 




= >* 0 T (iu) + 0 r (co)cos 0 (42) 

/ , w nprr ms v ' ^ 0 nprq ms rq v ' 


r=l 


r=l q=l 


The bounds on the lateral correlation 0 are: 

rq 

1. Each pressure strip is generated with an independent pro- 
graming signal source, that is, cos 0^ = 0. 

2. Each pressure strip is generated with the same programing 

signal source, that is, cos 0 = 1. 

The case for which cos 0 =1 will be discussed later since it 

rq 

reduces to the correlation conditions in Bozich's analysis. For now, 
it is most interesting to examine the condition for which cos 0 = 0, 

th ^ 

that is, the r pressure strip is completely uncorrelated with the 

q pressure strip. Equations (Ul) and (U2) then reduce to 


d 



r=l 


0 


T (oj) 
nnrr mm 


0 


2 

mnps 


■2 


d 


r U) 

nprr ms 


(U3) 


(UU) 


Thus, we have an expression for the Joint acceptance and cross-joint 
acceptance of a panel excited by laterally uncorrelated acoustic 
pressures. 


SPECIAL CASE 


It is helpful at this point to discuss a specific example so as 
to determine how the laterally uncorrelated pressures will affect the 
panel response. For simplicity, a flat panel which has simple sup- 
ported edge conditions has been chosen. The panel eigenfunctions in 
this case are 


v _ n (x,y) = * (ac)V (y) = sin sin (1*5) 

mn m n a b 


Rewriting equations (37) and (39) and integrating over the limits 

(r— l)b rb 

y . = — and y = — , we obtain 

^r-1 d r d 


rb 

d 


rb 

d 


9 nnrr ,2 
□ 


(r-l)b /(r-l)b 
d J d 


sin sin n p r dy dy* 


(U6) 


and 


rb rb 

± d d 


nprr fe 2 


/r-l)b /( r- 

J d J 


l)b 

d 


sin *ljL sin EIZl ^ dy, 


(1*7) 


Integrating, equations (1*6) and (1*7) reduce to 


nnrr 


( n ") 


1 r . rn7T (r - l)mrT 

i) 2 l d “ cos d J 


( 1 * 8 ) 
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and 



Substitution of equations (48) and (49) into equations (43) and (44) 
yields the expressions 


mn 


T’ 

(nit f 

r=x 


rnir 

cos — — - cos 
a 


(r - l)mr 


r («) 

mm 


(50) 


d r 


J 


mnps 


npir 


2 

r=l 


rnir (r - l)mr 


cos — : — - cos 


rp7r (r - l)pir 

cos — r- - cos — 

d d 


r _( w) 

ms 


Rewriting equations (50) and (51) 


(51) 


.2 _ 4d . _ , % 
J = « a r U 

mn ^ ^2 nn mm 


(52) 


4d 


a r ((d) 


mnps 2 np ms 

npir 


(53) 


where 


nn 


-a 2 


mn 

cos — cos 


(r - l)nr 


r=l 


(54) 
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np 




ran 

ros — — - cos 


(r - 1) 


an 


I£1 _ rn<; jr r . D p* 


cos — - cos 


(55) 


r=x 5- 


At this point the cross-joint acceptance, as expressed by equation (53) 5 
will be neglected in order to use the Joint acceptance equation (52) 
to make a direct comparison with Bozich's results. Upon integrating 
equation (33), the expression for becomes 


r (uO 
mm 


? | (x 2 ♦ h 2 + x 2 1 i 2 )( J 


[ — X sin Ha - H cos Ha] 
H 2 + x 2 


[x sin la - 

2 
X 


- I sin Ha A _ ( x _ X \ 


/ 

1 


I sin la - y cos la] 


x 2 + 1 


l / [ H sin 


Ha - x cos Ha] 


\ X 2 + H 2 


) 


f ( 7 ^ 7 * 2 C 2 "i 2 + x 2 "» 2 ) 


( 56 ) 


21 

where 



It should he observed that for an equivalent decay constant P equa- 
tion (56) would exactly correspond to Rczich's equation ( 19 ) (ref. 4). 


RESULTS AND DISCUSSION 


The analysis of the response of a flat panel due to the strip 
loading of laterally uncorrelated fluctuating pressures has resulted 
in expressions for the Joint acceptance and cross-joint acceptance 
coefficients which are applicable to all panels with classical boundary 
conditions. However , to facilitate making a comparison with an earlier 
analysis by Bozich, a panel with simply supported edges was taken as 
a special case. 

The laterally correlu.od pressures assumed by Bozich resulted in 
zero Joint acceptance coefficients for all modes having an even munber 
of half-wave lengths along the lateral axis of the simply supported 
panel. However, the analysis of a similarly supported panel for the 
laterally uncorrelated pressures produced results quite to the con- 
trary . 

The essential difference in the two Joint acceptance coefficients 
lies in the function A defined by equation (54). Figure 2 was 

constructed to demonstrate the dependence of A^ on the number of 

pressure strips and the mode number. It should be noticed that the 
function A is zero for r./d ratios which are even integers. In 

fact, an interesting relationship can be derived by evaluating this 
function at the zero point 




2 ? 


Since the bracketed term of equation (57) is always positive, every 

term in the summation must be identically zero. So the V th term may be 
written 


cos 


Vtin 

d 


cos 


(V - l)nn 
d * 


V = 1,2,3, 


(58) 


vnere 


Vn 

d 


Y = 1,2,3, 


(59) 


and 


(V - l)n _ 
d 


n = 


1,2 


-3 


(60) 


Substituting equation (59) into equation (60) 


.(y-n)=f (6i) 


Equation (58) indicates that y and A must either simultaneously 
be c id integers or even integers. As a result of this it is easy to 
see that the difference between y and will be an integer multiple 
of 2, that is 

(y - n) * 2R = R = 1,2,3, . . . (62) 


Thus, for a specific number of pressure strips, all joint acceptance 
coefficients will have a value other than zero except those for which 
the lateral mode number n is equal to the number of pressure strips 
times 2R, R = 1,2,3,U . . . Interpreting these results in still 
another way, che zero Joint acceptance coefficients occur whenever an 
even number of lateral half-waves coincide with the width of a pres- 
sure strip. Remembering that Bozich's analysis is equivalent to an 
arbitrary number of correlated pressure strips, equation ( Ul ) can be 
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where 



Figures 3 and U illustrate the values of the two functions A and 

nn 

for several mode numbers. Figure 3 represents the case fo 1 * which 

three pressure strips occur over the panel width. As seen in equa- 
tion (65) above, Bozich's analysis indicates that the Joint acceptance 
coefficients for n = 2, U, 6, 8, 10, et cetera, would be zero, while the 
odd modes n = 1,3,5, et cetera, would have nonzero coefficients. The 
uncorrelated pressure strips, however, produce nonzero Joint acceptance 



2h 


coefficients for the n = 2,4,8,10 modes in addition to all of the 
odd modes n = 1,3,5, et cetera. As indicated earlier, the lateral 
modes which have zero joint acceptance coefficients are n = 6,12, 
that is, 2Rd. Figure U shows the number of modes having nonzero 
joint acceptance coefficients for the condition where four pressure 
strips are distributed over the width of the panel. Again, the case 
of correlated pressure strips, corresponding to Bozich's analysis, 
indicates that only the odd number modes have nonzero joint acceptance 
coefficients. The uncorrelated pressure strips, however, result in 
nonzero joint ac eptance coefficients for the n = 2, U, 6, 10, 12 modes 
as well as all odd modes n = 1,3, 5,7, et cetera, and as expected, 
the mode which results in eight; lateral ant inodes has a joint accept- 
ance of zero. 

An interesting comparison of the joint acceptance coefficient 
frequency spectra of two modes for laterally uncorrelated and corre- 
lated pressure strips is shown in figure 5- The figure was constructed 
for the specific case of l6 pressure strips distributed over the panel 
width. It is interesting to note that for the particular modes shown 
in figure 5 the laterally uncorrelated pressure strips resulted in 
joint acceptance coefficients which are only slightly lower than the 
coefficients for the laterally correlated pressure strips. It should 
also be observed that the shape of the coefficient frequency spectra 
for laterally uncorrelated pressures is similar in shape to the corre- 
sponding coefficient frequency spectra for the laterally correlated 
pressures. Indeed, it is easily demonstrated that only a factor 
involving the width of the pressure strips and A nn separates the 

two cases. Bozich's expression for the joint acceptance can be written 
as 


jM = T^TpT (u) 
mn / T , f \d mm 
'B fnirl 


Dividing equation (52) by equation (66) 




B 


dA : n 

nn 


1,3,5, 


2n - l(d + 1) 


(67) 
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It is easily seen that, for a given number of pressure strips the 

ratio j^ / j ^ i approaches a maximum of d as A approaches 1 
mn/ mny g "" 


nn 


which occurs for values of — = 1,3, 5, 7, et cetera. 


This simply means 

that the more closely an odd number of half-waves n coincides with 
the width of a pressure strip the 1 irger will be the ratio jjw j^ 

The dependence of this ratio on l is substantiated by figure 5- 

an 

Figure 2 shows that A 


B 


nn 


is very small in the region where — is 


very small, and thus, the ratio of the joint acceptance coefficient 
frequency spectra for the two correlation conditions would be expected 
to be small, as verified by figure 5- It can be anticipated, there- 
fore, that a comparison between a laterally uncorrelated and a later- 
ally correlated fluctuating pressure field would reveal that the 
uncorrelated pressures were less effective in exciting the lower vibra 
tion modes than the correlated pressure field. However, the laterally 
correlated pressure field would tend to suppress the modes with an 
oven number of lateral half-waves. 


Figure 6 shows the modes having nonzero joint acceptance coef- 
ficients for the cases of l6 pressure strips which are uncorrelated 
and completely correlated. The correlated pressure strips have zero 
joint acceptance coefficients for all even lateral mode numbers while 
all of the odd mode numbers have nonzero coefficients. The uncorre- 
lated pressure strips result in nonzero joint acceptance coefficients 
for all modes except those which have 2Rd lateral antinodes, such 
as n - 32. 


Figures 7 and 8 are included to illustrate the shape of the Joint 
acceptance frequency spectra for several modes of vibration which 
have an even number of lateral antincdes. These figures were con- 
structed for the case where l6 pressure strips are distributed over 
the panel width. Figures 7 and 8 also serve to demonstrate the selec- 
tivity of these panel modes for decay factors of P = 1/20 and P = 1 
respectively. 


CONCLUDING REMARKS 


The mathematical analysis of the response of *» flat panel to an 
arbitrary number of pressure strips has resulted in expressions for 
the Joint acceptance and cross-joint acceptance which can be evaluated 
for various lateral correlation conditions between the pressure strips 
Applying the results of the analysis to the special case of a simply 
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supported panel excited by completely uncorrelated pressure strips 
revealed a definite dependence of the joint acceptance coefficients 
upon the number of pressure strips and the lateral mode number. It 
was found that all joint acceptance coefficients involving the odd 
lateral mode numbers were greater than zero. With respect to the 
joint acceptance coefficients involving the even lateral mode numbers, 
however, all were nonzero except those for which an even number of 
half-waves coincided with the width of a pressure strip. 

In addition, an interesting relationship was found to exist 
between the joint acceptance coefficients resulting from laterally 
uncorrelated pressure strips and the coefficients resulting from 
laterally correlated pressure strips. The ratio of the uncorrelated 
to correlated joint acceptance coefficients proved to be very small 
for the lower lateral modes. An experiment involving the response 
of a structure to both a correlated and an uncorrelated pressure field 
might show that the correlated pressure field produces higher responses 
in the frequency regime corresponding to the lower lateral modes. 
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Figure 2.- Variation in Joint acceptance coeffipients with n/d. 
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Laterally 



pressures with Bozich’s results. 
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